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Abstract : Phosphorescence decay characteristics of CaSiEr and CaSiCo are studied at room temperature to gather information about the type of 
kinetics involved, decay law, the trap distribution, trap depth; and the thcnnolumincscence studies to determine the role of activators on the trapping 
States The trap depths calculated using Randall & Wilkins Equation, Curies Formula and also by Urbach Relation for rhermolumincsccncc (TL) found 
to be in close consonance with that calculated by peeling off the log / -  r (decay) curves, lustify the validity of the equation p = 5 exp (-E / kT), which 
ncfzlects re-trapping. Results reveal that phosphorescence decay follows the hyperbolic relation / = /„ r '’ and explained on the basis of superposition 
theory by assuming the kinetics to be monomolecular
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1. In tro d u c tio n
B lokhinsev [ I ] w as  th e  firs t am o n g  the  ea rly  w o rk e r w h o  deriv ed  
a th eo re tica l tim e  d e p e n d e n c e  o f  th e  d e cay  o f  p h o sp h o re sc e n c e  
horn c o n s id e ra t io n s  o f  e le c tro n  tr a n s it io n s  b e tw e e n  v a rio u s  
energy lev e ls . P h o sp h o re sc e n c e  is  in te rp re te d  as  a  tu n n e lin g  
r e c o m b in a t io n  b e tw e e n  h o l e s  a n d  e l e c t r o n s ,  t r a p p e d  
respectively , by  c a tio n  v a c a n c ie s  (V c e n te rs )  an d  u n id e n tif ie d  
donor ce n te rs  [2 ]. T h e  lu m in e s c e n c e  a rise s  a t th e  reco m b in a tio n  
of e lec tro n s  w ith  h o le s  lo c a liz e d  o n  v a rio u s  V- ty p e  c e n te rs  (a  
center c o n ta in in g  a  c a tio n  v a c a n c y )  a n d  p o ss ib ly , a  ch a rg e - 
com pensating  im p u rity  [3]. R an d a ll an d  W ilk in s  [4] h av e  stu d ied  
ihc a f t e r g lo w  o f  a lk a l in e  e a r t h  s u lp h id e  p h o s p h o r s  a n d  
fo rm u la ted  a  th e o ry  o f  g lo w  c u rv e s . T h is  th e o ry  h as  b een  
ex tensively  u se d  by  m a n y  w o rk e rs , to  f in d  tra p  d is tr ib u tio n  in 
phosphors. In  th e  p re s e n t  w o rk , a n  a tte m p t h a s  b een  m a d e  to  
u n d e rs tan d  th e  lu m in e s c e n t  n a tu r e  o f  C a S iE r  a n d  C a S :C u  
phosphors. G ro u p  o f  tra p s  c o n tr ib u te  to  p h o sp h o re sc e n c e  m ay  
he a s s ig n e d  th e  v a lu e  to  i t s  m a x im u m  i.e. 0 .6 9  eV . T h e  
p h o s p h o r e s c e n c e  d e c a y ,  t h e r m o - l u m i n e s c e n c e  a n d  a ls o  
fluo rescence  s tu d ie s  re v e a l th a t  th e re  is  o n ly  o n e  g ro u p  o f  trap s  
which c a n  b e  a s s o c ia te d  w ith  h o s t la ttic e  d e fe c ts .
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C u -lu m in e s c e n c e  h as  d ra w n  a tte n tio n  in the  lig h t o f  the  
p o ss ib ility  o f  u s in g  it fo r  la s tin g . C u -c m iss io n  has been  used  in  
th e rm o -lu m in c sc c n c e  d o s im e try  p h o sp h o rs . S till the  d a ta  on 
lu m in e sc e n c e  is lim ited  d u e  to  d if f ic u ltie s  o f  in co rp o ra tin g  it in 
its lu m in e sc e n t fo rm  |51. C o n s id e r in g  th e  h ig h  T L -effic icn cy , 
lo n g  s to rag e  cap ab ility , g o o d  T L -rc p ro d u c ib ility  an d  re la tiv e  
h ig h  d o se  sa tu ra tio n  lim it o f  th e  g lass , it is su g g es ted  tha t the 
c o p p e r-a c tiv a te d  s ilic a  gla.ss m a te ria l can  be u sed  as g o o d  y-ray 
d o sim e te r [6].
2. Preparation of phosphors and experimental procedure
C lean  h ig h  g rad e  tra n sp a re n t p ie c e s  o f  g y p su m  are  tak en , fine ly  
p o w d e re d  to  the  g ra in  s ize  o f  a b o u t 2 0 0  p  an d  p u rif ied  by  n itric  
ac id  trea tm en t o f  A .R . g rad e . T h is  fin e  p o w d e r is te rm ed  as host. 
S im ilarly , c a rb o n  p o w d e r  o f  A . R . g ra d e  o b ta in e d  fro m  R ied a l, 
G e rm a n y  is a lso  p u rif ie d , and  u sed  fo r re d u c in g  su lp h a te  to  
su lp h id e . B o th  h o s t a n d  c a rb o n  arc  m ix e d  in  th e  ra tio  o f  4:1 and 
flu x ed  w ith  so d iu m  th io su lp h a te  tak en  eq u a l to  th e  w e ig h t o f  
ca rb o n . T h e  v a ry in g  a m o u n t o f  ac tiv a to r, e rb iu m  (e rb iu m  o x id e  
o b ta in e d  fro m  Jo h n so n  M a tth e y  &  C o ., H a lto n  G ard en , L o n d o n  
E C  1) an d  /  o r  c o p p e r  (as  c u p ric  su lp h a te  fro m  B ritish  D ru g  
H o u se  L td , P o o le -E n g la n d )  is a d d e d  to  a b o v e  m ix tu re  a n d  th e  
c h a rg e  is fired  a t 9(X)”C  fo r 2  hou rs . T h e n  it is p u lv e rised , w ash ed  
w ith  b o ilin g  w ater, d ried  an d  c ru sh e d  to  g e t th e  p h o sp h o r sam p le ,
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k e e p in g  e x t r e m e  p u r i ty  a s  th e  m a in  c o n s i d e r a t io n  in  th e  
p re p a ra t io n .
S u c h  s a m p le s  w e re  e x c ite d  b y  U . V. la m p  (U V S -1 2 )  m a d e  in 
U .S .A ., e m it t in g  p re d o m in a n t ly  3 6 5 0  A.  T o  m a in ta in  e x c ita tio n  
e n e rg y  c o n s ta n t ,  a  s ta b i l iz e r  w a s  a ls o  u se d  in  c o n ju n c t io n  w ith  
th e  la m p . T h e  p h o to - m u l t ip l ie r  tu b e  o p e ra te d  a t  9 0 0  V  o b ta in e d  
f ro m  a  w e ll- s ta b i l iz e d  D . C . P o w e r  S u p p ly . T h e  o u tp u t o f  th e  
p h o to - m u l t i p l i e r  tu b e  w a s  c o n n e c te d  to  th e  p o tc n t io m c tr ic  
re c o rd e r  (C A R L -Z E IS S -J E N A ) , G e rm a n  m ad e ) . It w as fo u n d  th a t 
fo u r  m in u te s  e x c ita t io n  w a s  s u f f ic ie n t  to  e x c ite  th e  p h o s p h o r  to  
th e  s a tu ra t io n  v a lu e  a n d  a s  su c h , fo r  e a c h  p h o sp h o r , e x c it in g  
lig h t w a s  sw itc h e d  o f f  a f te r  4  m in u te s  a n d  im m e d ia te ly  th e  sh u tte r  
o f  th e  p h o to - m u l t ip l ie r  tu b e  c a re f u lly  re m o v e d  w h ile  re c o rd in g  
th e  d e c a y . T h u s ,  in te n s i ty  a s  a  fu n c tio n  o f  l im e  w a s  p lo t te d  by  
th e  p lo t te r  g iv in g  d e c a y  c u rv e s  o n  a  G e rm a n  R e c o rd e r .
In  c a s e  o f  th e r m o  lu m in e s c e n c e , th e  e x c ite d  p h o s p h o rs  a rc  
firs t a llo w e d  to  d e c a y  o u t to  th e  lo w  v a lu e  to  a  f ix ed  g a lv a n o m e te r  
re a d in g  a n d  th e n  h e a te d  a b o v e  ro o m  te m p e ra tu re  b y  c o n s ta n t  
w a rm in g  ra te . T h e  w a rm in g  ra te  is d e te r m in e d  fro m  c a lib ra t io n  
c u rv e s . T h e  p h o s p h o r  g lo w  in c re a se s  w ith  th e  r ise  o f  te m p e ra tu re  
to  a  c e r ta in  l im it a n d  th e n  d e c re a s e s . S u c h  a  c h a n g e  in  g lo w  w ith  
te m p e ra tu re  re c o r d e d  fo r  T L  u s in g  th e  s a m e  G e rm a n  a u to m a tic  
re c o rd e r.
3 , T h e o ry
I f  th e  e le c tro n s  a re  ra is e d  f ro m  v a le n c e  b a n d  to  th e  e x c ite d  s ta te s  
a f te r  a b s o r b in g  lig h t fa l l in g  o n  th e  c ry s ta l ,  th e  re tu rn  o f  th e s e  
e le c tro n s  to  th e  v a le n c e  b a n d  re s u lts  in  lu m in e s c e n c e  e m is s io n . 
A c c o rd in g  to  R a n d a ll  a n d  W ilk in s  th e o ry  (7 ], th e  tr a p  d e p th  E 
c a n  b e  c a lc u la te d  b y  th e  e q u a tio n
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s u p e r p o s i t io n  o f  in te n s i t ie s ,  e a c h  v a ry in g  e x p o n e n tia l ly  with 
tim e . H o w e v e r , in  m o s t  c a s e s  o f  u n if o rm  d is tr ib u tio n  o f  traps, 
th e  p h o s p h o re s c e n c e  in te n s i ty  /  a t  a n y  tim e  t is  g iv e n  by  Randall 
a n d  W ilk in s  [4J,
l = n S T r ^  f o r 5 . / » 1 (31
p = S  e x p  ( - £  /  kT ) , (1)
H o w e v e r , tr a p  d is tr ib u tio n  is  n o t u n ifo rm  in  m o s t  c a se s . The 
in te n s i ty  in  s u c h  c a s e s  is  g iv e n  b y
/  =  / n . r *  (4,
w h e re  b is  th e  d e c a y  c o n s ta n t.
In  th is  c a se , lo g  /  vs. t im e  d o e s  n o t  sh o w  a  l in e a r  re la tionsh ip  
b e c a u s e  o f  s u p e r p o s i t io n  o f  n u m b e r  o f  e x p o n e n t ia l  decay s 
F o llo w in g  B u b c  [8 ] a n d  o th e rs , C u r ie  [9 ] , th e  d e c a y  c u rv e s  were 
a n a ly z e d  in to  th re e  e x p o n e n tia ls  b y  th e  m e th o d  o f  sub traction  
(p e e l in g  o f f  o f  d e c a y  c u rv e s ) .  T h e  tr a p  d e p th ,  c o r re sp o n d in g  to 
e a c h  e x p o n e n tia l  w a s  e v a lu a te d  b y  u s in g  e q . (1 )  a n d  assum ing  
5  =  10^ /  se e  a t ro o m  te m p e ra tu re .  T ra p s  o f  d if fe re n t depths 
c o n tr ib u te  to  th e  p h o s p h o r e s c e n c e  in te n s i ty  a t d if fe re n t times 
T h e  d e g re e  o f  lin e a r i ty  is th e r e fo re  e s t im a te d  by  ev a lua ting  
c o r re la t io n  c o e f f ic ie n t  r  [1 0 ] , th e  v a lu e s  o f  w h ic h  a re  c lo se  in 
u n ity  w ith  a  n e g a t iv e  s ig n  in d ic a t in g  th a t  th e  re la tio n sh ip  
b e tw e e n  lo g  /  a n d  lo g  r is  a lm o s t lin ear. T h e  n e g a tiv e  s ig n  implies 
th a t th e  in te n s i ty  d im in is h e s  w ith  tim e . 'F he s ig n  o f c o m e s  oui 
to  b e  n e g a tiv e , h e n c e  th e  o b s e rv e d  h y p e rb o l ic  d e c a y  can  lx 
r e p r e s e n te d  b y  th e  a b o v e  e q u a t io n  (4 ) . T h e  v a lu e  o f  d c c \ i \  
c o n s ta n t in d ic a te s  th e  ra te  o f  d e c a y . F a s te r  is  th e  d e c a y , h ig h n  
is  th e  v a lu e  o f  h a n d  vice versa. T h e y  a rc  g iv e n  in  T a b le  1. Sueh 
ty p e  o f  P .D .C . c a n  b e  r e p r e s e n te d  b y  a  P o w e r  L a w  [eq . (4)| as 
s u g g e s te d  b y  R a n d a l l  a n d  W ilk in s  [7 ] a n d  th e  co n sid c icc l 
h y p e r b o l i c  d e c a y  a s  t h e  r e s u l t  o f  s u p e r p o s i t i o n  ol 
e x p o n e n tia ls . T h e  v a lu e s  o f  E  c a lc u la te d  b y  p e e lin g  o f f  o f  decay 
c u rv e s  a rc  ta b u la te d  a n d  a re  te r m e d  a s  s lo w , m id d le  a n d  tasi 
c o m p o n e n ts  (T a b le  1).
w h e re  S is  a n  a t te m p t to  e s c a p e  f r e q u e n c y  ( f re q u e n c y  fa c to r )  
w h o s e  v a lu e  fo r  a lk a l in e  e a r th  s u lp h id e  p h o s p h o rs  is 10^ /  s e c  
a n d  p  is  th e  p ro b a b i l i ty  o f  e s c a p e  o f  e le c tro n s  fro m  tr a p s  p e r  
s e c o n d , E  is th e  tr a p  d e p th ,  kAhc B o ltz m a n n 's  c o n s ta n t  a n d  
7 - th e  a b s o lu te  te m p e ra tu re .  T h e  a b o v e
e q u a t i o n  a s s u m e s  th a t  th e  e l e c t r o n  Table 1. Values of trap-depth, correlation coefficient and decay constant calculated from PDC 
f re e d  f ro m  tra p s  a re  n o t re - tr a p p e d  a n d  
5  a n d  E  a rc  in d e p e n d e n t  o f  te m p e ra tu re  
a n d  th a t  th e  f r e e d  e le c tr o n s  u n d e rg o  
ra d ia t iv e  t r a n s i t io n s  r a th e r  th a n  n o n -  
ra d ia t iv e  tra n s it io n s . In  c a s e  o f  s in g le  
tr a p  le v e l, in te n s i ty  d e c a y s  a s
I, -  lo e x p  ( - p t ) , (2)
a n d  /Iq is  th e  n u m b e r  o f  e le c t r o n s  in  
e x c ite d  s ta te  a t  c u t - o f f  p o s i t io n .  T h is  
g iv e s  a n  e x p o n e n t ia l  d e c a y .
In  c a s e  o f  d is t r ib u t io n  o f  t r a p p in g  











Trap-depth E in eV 
Slow Middle Fast
A 9 5 X 10-* NIL 0.29 0.99 0.63 0.60 0.54
A 11 5 X NIL 0.31 0.99 0.69 0.60 0.57
A 12 1 X \(t^ NIL 0.24 0.99 0.69 0.60 0 56
A 15 5 X 10-’ NIL 0.42 0.99 0.67 0.60 0 5«
A 16 1 X 10-^ NIL
A 17 5 X 10-* NIL 0,37 1.00 0.67 0.60 0 5b
B 1 NIL 1 0.35 0.98 0.62 0.60 0 56
B 2 NIL 5 X 10-' 0.38 0.98 0.70 0.60 0 57
B 3 NIL 1 X 10-' 0.53 0.98 0.66 0.60 0.56
B 4 NIL 5 X 10-* 0.46 0.98 0.67 0.60 0 58
B 5 NIL 1 X 10-^ 0.38 0.99 0.67 0.60 0.57
4. Results and discussion
4,1 Analysis o f decay curves :
D e c a y  a n d  T L -g lo w  c u rv e s  o f  C a S :E r a n d  C a S :C u  p h o sp h o rs 537
To s tu d y  th e  m o d e  o f  d e c a y , th e  a f te r  g lo w  in te n s ity  as a  fu n c tio n  
o f  tim e  w a s  re c o r d e d  fo r  a ll th e  p h o s p h o rs . /  vs t p lo ts  sh o w e d  
h y p e rb o lic  ra th e r  th a n  e x p o n e n tia l  n a tu re  (F ig u re  1). T herefo re*  
the  p o s s ib i l i ty  o f  s im p le  e x p o n e n tia l  d e c a y  w ith  a  s in g le  tra p  
w as ru le d  o u t. L o g  /  vs t p lo ts  d id  n o t g iv e  th e  e x p e c te d  straight 
lines. T h e  lo g  I vs. t c u rv e  w a s  fo u n d  to  b e  c o n c a v e  u p w a rd s . 
H o w ev e r, a  lo g  -  lo g  p lo ts  o f  p h o s p h o r e s c e n c e  in te n s ity  vsi
tra p s  in c re a se s , th e  d e c a y  ta k e s  th e  f o n n  o f  h y p e rb o lic  n a tu re  
d u e  to  th e ir  su p e rp o s itio n . T h e  m in im u m  n u m b e r o f  ex p o n e n tia ls  
r e q u i r e d  to  d o  so  c a n  b e  th r e e  a s  s u g g e s te d  b y  B u b c  [8J 
(F ig u re  3). T h e  h y p e rb o lic  d e c a y  is su p p o s e d  to  re s u lt fro m  th e  
s u p e r p o s i t i o n  o f  i n t e n s i t i e s ,  e a c h  o f  w h ic h  is  v a r y in g  
e x p o n e n tia lly  w ith  tim e , w h e n  d if fe re n t trap  d e p th s  a re  in v o lv ed  
in  c o n tr ib u tin g  to  p h o s p h o re s c e n c e . A s th e  p h o sp h o re sc e n c e  
in  in o rg a n ic  p h o s p h o rs  is d u e  to  a b s o rp tio n  o f  e le c tro n s  b e lo w  
c o n d u c tio n  b a n d , th e  th e rm a l e n e rg y  a t ro o m  te m p e ra tu re  is 
su f f ic ie n t to  e m p ty  th e  s h a llo w  tra p s  w h ic h , th e re fo re , b e c o m e  
in e ffe c tiv e  in p h o s p h o re sc e n c e  d ecay . T h e  d e c a y  m e a su re m e n ts  
a t ro o m  te m p e ra tu re  th u s , p e r ta in  o n ly  to  e le c tro n  tra p s  th a t a re  
re la tiv e ly  d e e p .
Figure 1. Representative decay curve of CaS:Er phosphors at RT 
r3()() K).
tim e w e re  v e ry  n e a r ly  s t r a ig h t  l in e s  a s  sh o w n  in F ig u re  2 w h ic h  
he lps in  c o n c lu d in g  th a t  p h o s p h o r ic  d e c a y  c h a ra c te r is tic s  in  
h y p e rb o lic  in  n a tu re . A s  th e  n u m b e r  o f  e x p o n e n tia l  d is tr ib u te d
LOG. TIME (SECONDS) 
(‘'Igure 2. Log /  vs log t plots for CaS:Er phosphors.
Figure 3. Peeling off of decay curve of CaS.Er pho.sphors into three 
components.
F ir s t  o rd e r  k in e tic s  is  a  r e c o m b in a t io n  d o m in a n t p ro c e s s . In  
th is  p ro c e s s , r e lra p p in g  is p ra c t ic a l ly  n e g lig ib le  in  c o m p a r iso n  
to  r e c o m b in a t io n .  T h is  is  th e  p r o c e s s  w h ic h  is  f r e q u e n t ly  
o b se rv e d  a n d  w id e ly  re p o r te d  in  th e  l i te ra tu re . In  se c o n d  o rd e r  
k in e tic s , r e c o m b in a tio n  a n d  r e - tra p p in g  p ro c e s s e s  ta k e  p la c e  
w ith  e q u a l p ro b a b ili ty  [1 1 ]. T h e  d e c a y  is  th e  fa s te s t in  f ir s t  o rd e r  
k in e tic s . S e c o n d  o rd e r  k in e t ic s  is  fo u n d  to  b e  m o r e  s lo w ly  
d e c a y in g  p ro c e s s  th a n  th e  f irs t o rd e r  k in e tic s  a n d  th e  th ird  o rd e r  
k in e tic s  d e c a y s  m o re  s lo w ly  th a n  th e  s e c o n d  o rd e r  k in e tic s  a n d
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s o  o n . T h e  e x te n t  o f  r e c o m b in a t io n  a n d  re - tra p p in g  p ro c e s s  
d e c id e s  o n  th e  o rd e r  o f  k in e t ic s  in v o lv e d . W ith  in c re a s in g  o rd e r  
o f  k in e t ic s ,  th e  e x te n t  o f  r e c o m b in a t io n  d e c r e a s e s  w i th  a  
s im u l ta n e o u s  in c re a s e  in  th e  e x te n t  o f  re - tra p p in g  [1 1 ],
A  fa s t  c o m p o n e n t d e c lin e  in  in te n s i ty  fo l lo w e d  b y  a  s lo w e r  
o n e . T h e  sh a llo w  tra p s  d e c a y  rap id ly , e m p ty in g  w ith  tim e , le a v in g  
th e  s lo w e r  c o m p o n e n t  o f  d e e p e r  t r a p s . T h e  v a lu e  o f  d e c a y  
c o n s ta n t  b c a lc u la te d  b y  th e  m e th o d  o f  le a s t  s q u a re s  [1 2 ] , is 
m u c h  le s s  th a n  u n ity . T h e  sm a ll  v a r ia tio n  o f  d e c a y  c o n s ta n t  
w ith  a c t iv a to r  c o n c e n t r a t io n  s u g g e s ts  th a t th e  a c t iv a to r  o n ly  
m o d if ie s  th e  r e la t iv e  im p o r ta n c e  o f  th e  tr a p  b u t n o t th e ir  m e a n  
d e p th . H e n c e , th e  d is tr ib u tio n  o f  tr a p s  c a n  b e  a s s u m e d  to  b e  
q u a s i-u n ifo rm . A s  r e p o r te d  b y  G a r l ic k  a n d  G ib so n  [1 3 ] , r e ­
tr a p p in g  s e e m s  to  b e  o f  n o  im p o r ta n c e  in  th e s e  p h o sp h o rs . F o r  
T L , th e  fo rm u la  u s e d  b y  C u r ie  sh o u ld  b e tte r  b e  a p p lie d . T h e  
v a r ia tio n  o f  d e c a y  c o n s ta n t  w ith  a c t iv a to r  c o n c e n tra tio n , im p lie s  
p ro p e r  g ro w th  o f  m ic ro -c ry s ta ll in e  p o w d e r  p h o sp h o rs . T h e  v a lu e  
o f  E d o e s  n o t d e p e n d  o n  th e  a c t iv a to r  c o n c e n tra tio n , A  s l ig h t 
v a r ia tio n  in  th e  tr a p  d e p th s  c o u ld  b e  d u e  to  th e  p e r tu rb a tio n  
c a u s e d  by th e  a c t iv a to r s  in  th e  d is tr ib u tio n  o f  tr a p  d e n s i tie s . 
T h e  p h o s p h o r e s c e n c e  d e c a y ,  i h e r m o l u m i n e s c c n c e  a n d  
f lu o re s c e n c e  s tu d ie s  re v e a l th a t th e re  is o n ly  o n e  g ro u p  o f  tr a p s  
w h ic h  c a n  b e  a s s o c ia te d  w ith  h o s t la t t ic e  d e fe c ts . T h is  is  fu r th e r  
su p p o r te d  b y  m a n y  o th e r  w o rk e rs  th a t th e  e le c tro n  tra p s  a rc  
in d e p e n d e n t  o f  th e  im p u r i ty  io n s  a n d  fo rm e d  b y  th e  c ry s ta ll in e  
im p e r fe c tio n s  in  th e  la t t ic e .
4.2 Analysis ofTL ^low curves :
T L  c u rv e s  fo r  a  n u m b e r  o f  p h o s p h o rs  a re  p lo t te d  a s  g lo w in g  
I vs. r is in g  T fo r  tw o  w a rm in g  ra le s  /J  =  0.62® K /sc c  a n d  jS =
0 .4 4  ®K/sec.
In  o u r  p re s e n t  s tu d y  o f  A -S e r ie s  o f  C a S :E r  p h o s p h o rs , th ree  
p e a k s  in  th e  g lo w  c u rv e s  w e re  o b s e r v e d  in  a ll th e  s a m p le s  w ith  
a  la rg e  e m is s io n  in te n s i ty . A t lo w  h e a tin g  ra te , g lo w  p e a k s  are 
c le a r ly  re s o lv e d  (F ig u re s  4  a n d  5 ). T h e  tr a p p in g  s ta te s  o f  C aS  
p h o s p h o r s  s tu d ie d  b y  e a r l ie r  w o rk e rs ,  h a v e  re p o r te d  th a t e ith e r  
o n e  o r  tw o  g lo w  p e a k s  m a x im u m , s e e n  d u r in g  T L  o f  C aS  
p h o s p h o rs  a t ro o m  te m p e ra tu re .
In  f? -S e ric s  o f  C a S rC u  p h o s p h o rs , o n ly  o n e  p e a k  is  o b se rv e d  
(F ig u re  6  a n d  7 ) in  a ll th e  s a m p le s  w ith  a lm o s t s a m e  e m iss io n  
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Figure 4. T vs /  pliHs of TL for CaS:Er. Heating rate : ^  1 = 0.62“ K/sec. 
Figure 5. T vs /  plots of TL for CaSrEr Heating rate : 0.44«>K/sec.
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Figure 6. T vvv I plots of TL for CaS Cu Heating rale P 1 -- 0-62 ’K/sri
Figure 7. T v.v /  plots of TL for CaS:Cu Heating rale P 2 -  0 44 ’K/sev
In  all th e  s a m p le s  o f / t  a n d  ^ - s e r ie s ,  th e  in te n s ity  o f  em iss io n  
w a s  s m a lle r  th a n  th a t o f  th e  p e a k  a t th e  h ig h e r  te m p e ra tu re .
T h e  g lo w  p e a k  e x h ib its  a  firs t o rd e r  ty p e  o f  k in e tic  b eh av io u i 
T h e  T L  in te n s i ty  d e c a y s  e x p o n e n tia l ly . T h e  v a lu e s  o l E fo r  all 
th e  s a m p le s  a s s u m in g  S =  1()‘^  se c  * a re  c a lc u la te d  by  th ree  
fo rm u la e  a s  b e l o w :
F ir s tly , b y  R a n d a l an d  W ilk in s  [4] E q u a tio n  : E{e VO =  A' 7’ ,^ 
(1 -f/ )  lo g  S, w h e r e / =  [ lo g  (K /  I PE] I lo g  S is  le s s  than 
u n ity  ( = 0 .1 )  c a n  be n e g le c te d .
w Secondly , b y  C u r i e s  f o r m u l a  [9 ]  : E(eV) K)
- T q(PIS)] / [K(P/S) ]  w h e r e  th e  v a lu e s  o f  a n d  K arc 
o b ta in e d  g ra p h ic a lly  fo r  v a r io u s  s e ts  o f  0 -  p ! S  a n d
T h ird ly , b y  U rb a c h  re la tio n  [ 1 4 ] :  £ { e V ) - T ^ l  5 0 0 ,  w h cic
is  th e  m a x im u m  te m p e ra tu re  o f  g lo w  p e a k . T h e  v a lu e s  o f  t  
a re  fo u n d  fo r  e a c h  te m p e ra tu re  (T a b le  2 ).
T h e  in c re a s e  in  g lo w  p e a k  in te n s i ty  a n d  p h o sp h o re sc e n c e  
in te n s i ty  in  th e  b e g in n in g  is d u e  to  th e  in c re a s e  in  th e  n u m b er 
o f  lu m in e s c e n c e  c e n te r s  a n d  th e  tr a p s  w ith  in c re a s in g  ac tiv a to r 
c o n c e n tra t io n . A  c o m p a r is o n  o f  g lo w  c u rv e s  a t tw o  d iffe ren t 
h e a tin g  ra te s  s h o w s  n o  a p p a re n t  c h a n g e  in  th e  g e n e ra l sh ap e  ol 
th e  c u rv e ,  e x c e p t  th a t  th e  c u r v e  a s  a  w h o le  s h if ts  to  low er 
te m p e ra tu re  s id e  a t th e  s lo w e r  h e a tin g  ra te  w h ic h  is  in  qualita tive  
a g re e m e n t w ith  th e o re t ic a l  p re d ic t io n s  m a d e  b y  m a n y  earlier
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Trap-depth E (in eV)
T ,m2
C U R C U
A 9 370 .66 .76 .74 343 353 368 ,61 .71 .68 .63 .73 .70 .65 .76 .73
A 11 370 .66 .76. .74 352 360 368 .62 .73 70 .64 75 72 .65 77 .73
A 12 365 .65 .75 .73 362 375 390 .64 .75 72 .67 .78 75 69 .79 .78
A 15 344 61 .70 .68 341 60 .71 .68
A 16 365 .65 .75 73 352 357 372 i 62 .77 .74 63 74 .71 66 .73 70
A 17 350 .62 .72 .70 341 346 357 j .60 74 71 .61 72 .69 63 71 .68
B 1 332 .59 .68 66 331
V .59 69 66
B 2 332 .59 .68 66 330 .59 .68 .66
B 3 331 59 .68 66 330 .59 68 66
B 4 332 .59 .68 .66 330 .59 .68 .66
B 5 344 .61 .70 .68 341 .61 .71 .68
R - Randall & Wilkin’s Ekjuation; C - Cune’s Formula ; and U -  Urbach Relations
w o rk e rs . It w a s  a ls o  o b s e r v e d  th a t  th e  a re a  u n d e r  th e  th e rm o - 
lu m in e s c e n c e  c u rv e  f i r s t  in c r e a s e s  a n d  th e n  d e c re a s e s  w ith  
in c rea se  in  a c t iv a to r  c o n c e n tra t io n . T h is  in d ic a te s  an  in c re a se  
m n u m b e r  o f  tr a p s  w ith  c o n c e n tra t io n  in  th e  b e g in n in g , as  th e  
area  u n d e r  th e  th e r m o - lu m in e s c e n c e  c u rv e  is p ro p o r tio n a l to  
the n u m b e r  o f  tr a p s  f l 5 ] .  T h e  re p ro d u c ib le  d e c re a s e  in  p e a k  
in ten sity  w ith  a c t iv a to r  d o s e  m a y  b e  d u e  to  th e  sh if t o f  th is  
g low  p e a k  to w a rd s  lo w e r  te m p e ra tu re  w ith  d o se , w h ic h  is tru e  
for p e a k s  fo l lo w in g  f ir s t  o rd e r  k in e tic s  [16 ].
T h e  tr a p  d e p th  a s  a  fu n c tio n  o f  a c t iv a to r  c o n c e n tra tio n  w e re  
p lo tted . T h e  v a r ia tio n  is  v e ry  l i t t le  a n d  th e  n a tu re  o f  v a r ia tio n  is  
very s im ila r  to  th a t  o f  P e e lin g  o f f  o f  d e c a y  c u rv e s . T h e  tra p  
d ep th  c a lc u la te d  w ith  th e  h e lp  o f  C u r ie s  fo rm u la  a n d  U rb a c h  
re la tio n  a g re e  w e ll w ith  th e  tr a p  d e p th s  c a lc u la te d  fro m  th e  
s lo w e s t e x p o n e n tia l  (d e e p e r  tr a p s )  o f  th e  d e c a y  c u rv e s  w h e re a s  
the tra p  d e p th s  c a lc u la te d  u s in g  R a n d a ll  a n d  W ilk in s  E q u a tio n s  
agree w e ll w ith  th e  v a lu e s  o b ta in e d  fro m  th e  se c o n d  e x p o n e n tia l 
o f  th e  d e c a y  c u rv e s . T h is  a g re e m e n t c o n f irm s  th e  v a lid ity  o f  
R an d all a n d  W ilk in s  E q u a tio n  /? =  5  e x p  ( -  £  /  KT). T h u s , th e  
traps a re  s e e n  to  b e  a s s o c ia te d  w ith  d e fe c ts  o r  to  n a tiv e  la t tic e  
ra th e r th a n  th e  a c t iv a to r  a lo n e  w h ic h  s e e m s  to  m o d ify  th e  tra p  
d is tr ib u tio n .
T h e  m u ltip le  a c t iv a to r s  u s e d  in  th e  f lu o re s c e n c e  s tu d y  g iv e  
rise to  th e  s a m e  e m is s io n  b a n d  a t 5 7 5 0  A . T h is  w o u ld  in d ic a te  
tha t th e  e m is s io n  is  d u e  to  a  n a tiv e  d e fe c t  in  th e  h o s t c ry s ta l 
such a s  a  c a t io n  o r  a n io n  v a c a n c y . Iv e y  s q u a re  lo w  f its  th e  
p o sitio n  o f  th e  b a n d s  w ith  C a S , S rS  a n d  B a S . It m u s t b e  d u e  to  
su lp h u r v a c a n c ie s . I ts  s t ro n g  te m p e ra tu re -d e p e n d e n c e  s u g g e s ts  
its an  e v id e n c e  o f  n a t iv e  d e fe c t .  T h e re fo re , th e  o b se rv e d  b a n d  
5 7 5 0  A  (2 .1 4  e V )  m a y  b e  a ttr ib u te d  to  su lp h u r  v acan c ie s  w h ich
m ay  b e  c re a te d  d u rin g  th e  in c o rp o ra tio n  o f  th e  a c tiv a to rs  (Er^O^ 
a n d  C u S O ^) u se d  w ith  th e  b a se  m a te r ia l C aS . H e n c e , it w ill be 
re a s o n a b le  to  a s s u m e  th a t th e  b lu e  e m is s io n s  a re  c h a ra c te r is tic s  
o f  C u -a c tiv a to r  an d  th e  y e llo w -o ra n g e  e m iss io n  m ay  be  d u e  to  
su lp h u r  v a c a n c ie s  [1 7 ].
T h e  t r a p s  w h ic h  c o n t r i b u t e  to  th e  p h o s p h o r e s c e n c e  
in te n s ity  u n d e r  th e  p re s e n t s tu d y , h a v e  d e p th  in th e  reg io n  o f
0 .5 4  to  0 .6 9  eV. T h is  is  id e n tic a l w ith  th e  v a lu e s  o f  tra p  d e p th s  
d e te rm in e d  b y  e a r l ie r  w o rk e rs , ir re sp e c tiv e  o f  flux  o r  a c tiv a to rs  
u sed . C u r ie  [9 ] a lso  o b se rv e d  th a t th e  tra p  g ro u p  c o rre sp o n d in g  
to  a b o u t 0 .6 8  eV  is in d e p e n d e n t o f  a c tiv a to r  c o n c e n tra tio n . So , 
it a p p e a rs  th a t th is  p a r t ic u la r  g ro u p  o f  tr a p s  is c h a ra c te r is tic s  o f  
th e  h o s t la t tic e  itse lf .
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